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Algae are one of the most useful resources of the earth. And the rapid 
development of algal molecular genetics study has explored deeper research on the 
species. Spirulina is a kind of ancient and conserved algae which belongs to 
cyanobacteria. It gets more attention because of its rich nutrition and wide use. 
Spirulina has many advantages to be a genetic engineering host. However, the 
progress for genetic manipulation of Spirulina was still slowly, the major impeding 
factors is lack of a good transformation system. In this study, we established a new 
Spirulina transformation system with cyanobacteria transposon as the transposable 
elements, combined resistance gene and fluorescent gene as the selection marker, thus 
developed an effective transformation platform system for Spirulina. 
Transposable elements are specific nucleotide sequence widely distributed in 
archaea, bacteria and eukarya organisms that can freely moved from one location to 
another location in the chromosomes by cutting and integrating process. First, we 
searched the cyanobacterial genome database and found the appropriate cyanobacteria 
transposon. Primers were designed and fragments were amplified by PCR. Analysis 
showed that cyanobacterial simple insertion sequence (IS) had the structure similar to 
bacterial insertion sequence. The artificial transposon vector of Spirulina was 
constructed based on bacterial transposon structure by connecting the cyanobacterial 
IS fragments with the plasmid contained egfp marker genes and nptⅡmarker gene. 
Then using the ultrasonic method to transform transposon vector into Spirulina.The 
results showed that the transposon vector with cyanobacterial transposable element 
could be successfully transformed into different strains of spirulina, which indicated 
that the transposon vector could take effectively universally in Spirulina. 
The multicellular filamentous character of Spirulina brings certain difficulties for 
screening and purificating the transformants. Using high-speed sorting of flow 
cytometry (FACS Vantage) technology, combined with other screening methods, we 
could purificate the transformants that effectively avoid the pollution of wild type 















Compared the transposon vector with homologous recombination vector of 
Spirulina, we found that there was no significant difference on the transformation 
efficiency, Unlike homologous recombination vector to linearize for transformation, it 
was more suitable for transposon vector to non-linearize transform.  
In this study, we firstly used blue green algae’s insertion sequence to construct 
transposon transformation vector, detected the transformants by EGFP florescence, 
and successfully transformed in different strains of Spirulina. The new transformation 
method improved the efficiency for screening Spirulina transformants.  
 




























体，约 150 属，2000 余种，适应性强，从寒冷的极地到极热的温泉都有发现。
由于蓝藻的结构和遗传系统类似于革兰氏阴性菌，并且多数种类含有内源质
粒，为构建有效转化系统提供了便利，所以蓝藻的基因工程发展很快。1970 年
Shestakov 与 Khyen 等首次发现蓝藻（Synechococcus sp. PCC7943）可以转化 
[1]。自 1973 年 Asato 等首次证明蓝藻中含有质粒[2]，已在约 50％被检测单细胞
及丝状蓝藻中证明了内源性质粒的存在，质粒数目从 1-10 个不等，大小在 1.3-
130kb 之间。如 Synechocystis sp. PCC6803 含有 4-5 个质粒[3, 4]。1975 年，
Delaney 等利用 EMS 诱变技术建立了 Anacystis nidulans 的遗传图谱，推测蓝藻
DNA 复制可能从不止一个起点单向或双向进行[5]。1989 年，Bancorft 等[6]借助
于脉冲均匀直变角凝胶电泳与 Southern杂交技术，得到 Anbaena sp.PCC7120 的
基因图谱，定位了 30 个基因探针，结果表明，蓝藻功能相关的基因并非集中在
一处，而是分散在染色体上不同位置，其排列顺序与叶绿体基因组有较大差
异。自 1980 年 Mazur 等人从淡水蓝藻 Anabaena sp. PCC7120 基因组中克隆到
nif H1（固氮酶）基因，一直以来蓝藻的研究始终处于整个藻类植物生物学的前
沿，有些研究较多的蓝藻种类已成为分子生物学和基因工程研究中的重要模式
生物。1996 年聚胞藻 Synechocystis sp.PCC6803 作为第一个光合作用生物完成了
基因组全序列测定，基因组序列全长 3,573,470 bp。其基因组资料在 1997 年正
















成，包括 Anabaena sp. PCC 7120，Synechococcus sp. PCC7942 等。蓝藻基因组
克隆与基因组图谱绘制工作为蓝藻的基因操作奠定了坚实的基础。截止到目
前，蓝藻测序工作还在不断进行，并且发展越来越快，从 2012 年仅一年多的时








表 1  2012-至今完成测序的蓝藻物种 
Table.1 The species whose genomes are sequcnced（Last updated: March 7, 2013） 
物种 参考序列号 长度（bp） 质粒（个） 
Synechococcus sp. PCC 6312 
 Synechococcus sp. PCC 7502 
Cyanobium gracile PCC 6307 
Cyanobacterium aponinum PCC 10605 
Cyanobacterium stanieri PCC 7202 
Dactylococcopsis salina PCC 8305 
Halothece sp. PCC 7418 
Gloeocapsa sp. PCC 7428 
Synechococcus sp. PCC 7502 
Cyanobium gracile PCC 6307 
Cyanobacterium aponinum PCC 10605 
Cyanobacterium stanieri PCC 7202 
Chamaesiphon minutus PCC 6605 
Nostoc sp. PCC 7107 
Nostoc sp. PCC 7524 
Anabaena cylindrica PCC 7122 


































































Calothrix sp. PCC 7507 
Calothrix sp. PCC 6303 
Rivularia sp. PCC 7116 
Leptolyngbya sp. PCC 7376 
Geitlerinema sp. PCC 7407 
Oscillatoria acuminata PCC 6304 
Oscillatoria nigro-viridis PCC 7112 
Pseudanabaena sp. PCC 7367 
Crinalium epipsammum PCC 9333 
Microcoleus sp. PCC 7113 
Chroococcidiopsis thermalis PCC 7203 
Pleurocapsa sp. PCC 7327 
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